INTRODUCTION
The most important task facing chemical engineering is to use non-traditional renewable sources of organic feedstock without extensive degradation in the production cycle.
A multitonnage byproduct of the hydrolysis of wood and other vegetable feedstock is lignin, one of the most abundant natural polymeric organic substances. Lignin macromolecules are made up chiefl y of γ-phenylolpropane fragments formed from residues of methoxy-substituted cinnamic alcohols: coumaric (1), coniferyl (2) , and sinapic (3) [1-3]: leading to the need to create materials with controllable biodegradability while ensuring the necessary service properties. Lignin is being used increasingly often in different polymer composites [4] [5] [6] .
The aim of the present work is to study the structure and properties of lignin, and the possibilities of its activation and modifi cation by phosphorylation and amidation, and also to investigate the physicochemical properties of the developed products and their behaviour in elastomer composites.
EXPERIMENTAL
To analyse hydrolysis lignin (HL) of the Kirov Biochemical Works, along with chemical methods, use was made of methods of PMR, 13 C NMR, 31 P NMR, and IR spectroscopy. A specimen of initial extracted and dried lignin contains up to 13% alcohol groups, mainly at the γ-carbon atom, and 9% phenol, carbonyl, carboxyl, and ether groups, mainly methoxyl groups ( Table 1) .
The technique being developed requires the creation of polymeric materials whose properties do not change for a certain time, which is possible when using stabilisers and bioprotectors. At the same time, the rapid growth of production of articles from polymeric materials is To reduce the particle size of lignin, improve the homogeneity of its composition, and increase its activity, different methods were used, from thermal degradation to treatment with oxidants, acids, and bases. The most acceptable in terms of the change in physical state and functional composition proved to be treatment with an aqueous alkali in an autoclave (10 L) with stirring. The optimum activation conditions were determined: 170-180°C; 3 h; hydromodulus with respect to lignin 1:10; dose of NaOH 20 wt.% of amount of lignin. Here, as a result of hydrolytic decomposition, a large part of the lignin is converted into a solution in the form of salt-like oligomers, after acidifi cation, comprising fragments of threedimensional macromolecules of HL (Figure 1) , a certain amount of low molecular weight organic compounds is formed (in the form of sodium derivatives of phenols, phenolic acids, and other carboxylic acids, the structure of which was established by GC-MS), and a small insoluble part remains, which has been used as a highly effective sorbent.
The precipitation of the target product was carried out by acidifi cation of the alkaline solution with sulphuric acid to pH 3. A fi ne-particle residue of alkaline lignin (HLA) is formed, resembling active carbon black. In HLA specimens, as a result of hydrolytic decomposition, the content of methoxyl groups decreases by 15-30%, while the content of total hydroxyls reaches 28% ( Table 1) .
DISCUSSION OF RESULTS
Activated lignin showed itself to be valuable feedstock for the production of different polymeric materials, in particular in elastomeric composites, for example for increasing tackiness and resistance to oxidative ageing [7] .
For increase in the inhibiting capacity of lignin in relation to oxidative degradation in polymers, we proposed that its phosphorylation be conducted under the action of different reagents.
To begin with, an investigation was made of the laws governing the synthesis of di-, oligo-, and polyphosphites based on low molecular weight analogues of lignin. It was shown that the phosphorylation of sterically hindered phenols and bisphenols, and also alkenylated alkylresorcinols, proceeds most smoothly under the action of triarylphosphites. Under the conditions developed, over 20 new oligophosphites were synthesised in ~100% yields. Here it was established that increase in molecular weight and in steric hindrances leads to an increase in such an important processing characteristic as the hydrolytic stability (HS) of phosphites [8] .
The data presented in Table 2 indicate that the direct interaction of HL with TCP ( Table 2 , experiment 5), at as low a temperature as 110°C, leads within 3-5 h to the production of products with high degrees of phosphorylation. However, in this case the occurrence of secondary reactions is observed, accompanied, according to GC-MS data, with the introduction of chlorine into the composition of the phosphorylated products. Most likely is the replacement of alcoholic groups by chlorine, competing with esterifi cation. Incomplete esterifi cation of some of the TCP with the formation of ester acid chlorides is also possible. The possible formation of organochlorine compounds imposes certain constraints on application of the process of phosphorylation of HL under the action of TCP. Furthermore, in an acidic medium, processes of lignin condensation are intensifi ed, with the formation of a three-dimensional structure, and, with increase in temperature, polycyclic benzoid fragments.
It was established that the transesterifi cation of triphenyl phosphite or diisopropylphosphite by activated lignin leads to the phosphorylation of up to 85% of the hydroxyl groups of lignin. The temperature and time of phosporylation can be reduced considerably by using solvents.
A study was made of the effect of solvents on the phosphorylation of phenolic groups. The optimum systems of solvents were developed, as the use of a high-boiling active solvent -DMF -makes it possible to lower the reaction temperature to 130°C with the achievement of a ~100% degree of phosphorylation within only 10 h (Figure 2) . This is particularly important for reducing the likelihood of condensation transformations of HL.
On IR spectra of the phosphorylation products of HL there are absorption bands at 1217, 887, 873, 779, and 728 cm -1 that correspond to the stretching vibrations of alkyl-and arylphosphite groups PO-C and P-OC, which confi rms the occurrence of phosphorylation both by phenolic and by alcoholic hydroxyl groups.
In all phosphites based on HL a high HS is observed, increasing with increase in the degree of phosphorylation ( Table 2) .
To increase the stabilising activity and hydrolytic stability, amidation of phosphite -the product of the interaction of HL with DIP -was carried out. For amidation, use was made of a number of aromatic amines: o-toluidine, p-phenylenediamine, N-isopropyl-Nʹ-phenylenediamine (industrial antioxidant Diafen FP)
As a result of elemental and spectral analysis of the formed amidophosphites of HLA it was established that the maximum number of arylamide groups is introduced during the interaction of phosphorylated lignin with Diafen FP. Amide nitrogen is found in the modifi cation products in a quantity of 4, 3.5, and 3.3% respectively.
The stabilising effectiveness of the synthesised oligophosphites and amidophosphites was initially investigated in the simplest systems, stabiliser + rubber, in which the infl uence of other ingredients of rubber mixes on the ageing process and on their interaction with trial products is eliminated.
The introduction of low molecular weight medium and acidic phosphites into unsaturated general-purpose rubbers showed that in most cases a better coeffi cient of stability during oxidation is achieved by comparison with industrial stabilisers.
The stabilising effectiveness of the synthesised oligophosphites and amidophosphites based on lignin was studied in rubber mixes based on SKI-3, SKS-30ARKM-15, SKN-18M and SKN-26, and SKEPT. The mix formulations based on the most unsaturated rubber are given in Table 3 .
All the PSPs investigated, without having a signifi cant infl uence on the overall combination of physicomechanical properties of the rubber compounds, exhibit a stabilising effectiveness that is higher than or comparable with that of industrial stabilisers of the amine type (Diafen FP) and phenolic type (ionol).
At all doses of the trial products, including smaller doses by comparison with the doses of standard stabilisers, there is a smaller change in strength after Change in the breaking elongation after ageing for rubber compounds with synthesised products is likewise signifi cantly lower by comparison with vulcanisates based on industrial stabilisers ( Table 4) .
The highest dynamic strength and tear strength are also observed in rubber compounds with APL, in a dose of 0.5 parts (Table 4) , which confi rms the need to activate HL before modifi cation.
CONCLUSIONS
It was established that, to produce more effective stabilisers based on lignin, its preliminary preparation in the form of alkaline activation is necessary.
New methods have been developed for activating and modifying hydrolysis lignin for the production of an optimum functional composition, structure, particle size, and processing properties of stabilisers.
The high effectiveness of diisopropylphosphite for the low-temperature, highly selective introduction of acidic phosphite groups into hydrolysis lignin has been shown.
A number of new oligoamidophosphites have been synthesised as a result of the phosphorylation of lignin by acidic phosphite and subsequent amidation by arylamines.
It has been shown that new oligophosphites and oligoamidophosphites based on lignin are effective hydrolytically stable stabilisers of elastomer composites. ageing for rubber compounds with phosphorylated lignin (PL), and at doses of 0.5 and 1 part for rubber compounds with activated phosphorylated lignin (APL) and phosphorylated amidated lignin (PAL) ( Table 4 ).
